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© A solution infusion system for infusing a solution 
(3) into a patient (8) is provided with a solution 
housing (16) having two surfaces (18, 24). These 
surfaces (18, 24) are in abutment with each other 
when the system is in operation. A solution tube (6) 
for leading the solution (3) towards the patient (8) 
must be properly placed in a tube path (20) formed 
on one of the two surfaces (18, 24) for the normal 
operation of the system. A pair of pressure sensors 
(30) are disposed on respective sides of the tube 
path (20) to detect whether the solution tube (6) is 
properly placed in the tube path (20). Each of the 
pressure sensors (30) outputs a detection signal in 
association with the placement of the solution tube 
(6). The solution infusion system is also provided 
with a control unit (10) for controlling the amount of 
the solution (3) to be fed through the solution tube 
(6). When the solution tube (6) deviates off the tube 
path (20), the control unit (10) gives a warning in 
response to the detection signal outputted from the 
pressure sensors (30). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a solution infu- 
sion system for infusing a solution into a patient. 

Description of the Prior Art 

Fig. 1 depicts a conventional solution infusion 
system wherein a solution 3 contained in a solution 
bag 2 is introduced into a tube 6 by the pumping 
action of a solution actuator 4 and is injected into a 
human body 8 via an injector needle (now shown). 
A control unit 10 is provided with a microcomputer, 
which comprises a CPU for executing a main con- 
trol operation, a ROM in which is stored an infusion 
operation control program, and a RAM for tem- 
porarily storing data. The control unit 10 controls 
the solution actuator 4 via an I/O interface 12 in 
accordance with the infusion operation control pro- 
gram, thereby feeding an appropriate amount of 
solution to the human body 8. Also, the control unit 
10 informs a nurse center or the like of the solution 
conditions via an I/O interface 14 and any suitable 
communication means 16. 

Fig. 2 depicts a solution housing 16 accom- 
modating the solution bag 2. The tube 6 having 
one end connected to the solution bag 2 is led 
from the inside of the solution housing 16 to a tube 
receiving surface 18. The tube 6 is received in a 
tube path 20 formed on the tube receiving surface 
18. The tube path 20 is a groove having an appro- 
priate depth and an appropriate width to receive 
the tube 6. The solution actuator 4 is mounted on 
the tube receiving surface 18 and is in abutment 
with an intermediate portion of the tube 6. The 
solution actuator 4 presses or squeezes the solu- 
tion 3 inside the tube 6 from the upstream side (the 
side of the solution bag 2) towards the downstream 
side (the side of the human body 8). To this end, 
the solution actuator 4 comprises a solution deliv- 
ery pump, an eccentric cam secured to a rotary 
shaft of the solution delivery pump, and a plurality 
of fingers fixedly mounted on the outer circum- 
ference of the eccentric cam. The rotation of the 
eccentric cam along with the rotary shaft of the 
solution delivery pump enables the fingers to press 
the tube 6 downwards so that the solution 3 may 
flow towards the human body 8. 

The solution housing 16 is provided with a door 
22 hingedly connected thereto. The door 22 can 
move between its open position and its closed 
position where the door 22 closes the tube receiv- 
ing surface 18 of the solution housing 16. The door 
22 has a flat inner surface 24 on which are moun- 
ted a plurality of sensors 26 such as. for example, 
pressure sensors for detecting the solution con- 



ditions. When the door 22 is closed with respect to 
the tube receiving surface 18 with the tube 6 being 
placed in position in the tube path 20, as shown in 
Fig. 3, the tube receiving surface 18 and the inner 
s surface 24 of the door 22 are in abutment with 
each other. 

However, if the tube 6 is not appropriately received 
in the tube path 20, as shown in Fig. 4, i.e., if the 

70 former deviates off the latter, the solution actuator 
4 does not operate normally and the tube 6 is 
subjected to deformation by the pressure of the 
door 22 against the tube 6. As a result, the rate of 
feed of the solution extremely reduces or no solu- 

75 tion is fed to a patient. In such a case, the patient 
is unlikely to undergo solution treatment. 

SUMMARY OF THE INVENTION 

20 The present invention has been developed to 
overcome the above-described disadvantage. 

It is accordingly an object of the present inven- 
tion to provide an improved solution infusion sys- 
tem capable of detecting improper mounting of a 

25 solution tube. 

When the improper mounting of the solution 
tube is detected, the system gives a warning for 
the rapid removal of a cause thereof so that a 
patient may undergo appropriate solution treat- 

30 ment. 

In accomplishing the above and other objects, 
a solution infusion system according to the present 
invention comprises a solution housing having solu- 
tion tube mounting means, a solution tube to be 

35 placed in a tube path formed on the solution tube 
mounting means, and pressure-sensitive means for 
detecting whether the solution tube is properly 
placed in the tube path. The pressure-sensitive 
means outputs a detection signal in association 

ao with the placement of the solution tube. The solu- 
tion infusion system according to the present in- 
vention further comprises control means for con- 
trolling the amount of a solution to be fed through 
the solution tube. When the solution tube deviates 

45 off the tube path, the control means gives a warn- 
ing in response to the detection signal outputted 
from the pressure-sensitive means. 

Preferably, the pressure-sensitive means com- 
prises a pair of pressure sensors disposed on 

so respective sides of the solution tube. 

Conveniently, the solution tube mounting 
means comprises a first surface and a second 
surface formed on the solution housing. These two 
surfaces are in abutment with each other when the 

55 system is in operation. In this case, the tube path 
is formed on the first surface, and the pressure 
sensors are disposed on respective sides of the 
tube path and detect the pressure applied thereto 



2 



3 



EP 0 522 527 A1 



4 



by the first and second surfaces. When the pres- 
sure detected by at least one of the pressure 
sensors is less than a predetermined value, the 
control means determines that the solution tube 
deviates off the tube path. 

The second surface presses the first surface 
along with the solution tube received in the tube 
path. In this case, the pressure applied to the first 
surface by the second surface at the time the 
solution tube deviates off the tube path is greater 
than the pressure applied at the time the former is 
placed in position in the latter. Based on this pres- 
sure, the pressure sensors output respective detec- 
tion signals indicative of whether the solution tube 
is properly received in the tube path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of 
the present invention will become more apparent 
from the following description of a preferred em- 
bodiment thereof with reference to the accompany- 
ing drawings, throughout which like parts are des- 
ignated by like reference numerals, and wherein: 
Fig. 1 is a block diagram of a conventional 
solution infusion system; 
Fig. 2 is a fragmentary perspective view of a 
solution housing of the conventional solution in- 
fusion system; 

Fig. 3 is a fragmentary side view of the solution 
housing with a door opened, indicating the case 
in which a solution tube is properly mounted; 
Fig. 4 is a view similar to Fig. 3, but indicating 
the case in which the solution tube is improperly 
mounted; 

Fig. 5 is a block diagram of a solution infusion 
system according to the present invention; 
Fig. 6 is a fragmentary perspective view of a 
solution housing of the solution infusion system 
of Fig. 5; 

Fig. 7 is a fragmentary side view of the solution 
housing with a door opened, indicating the case 
in which a solution tube is properly mounted; 
Fig. 8 is a view similar to Fig. 7, but indicating 
the case in which the solution tube is improperly 
mounted; 

Fig. 9 is a graph indicative of the resistance 
value of each pressure sensor with respect to 
the magnitude of the pressure applied thereto; 
and 

Fig. 10 is a flow-chart indicative of the control 
operation carried out in the system of Fig. 5. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, there is shown 
in Fig. 5 a solution infusion system embodying the 



present invention. The solution infusion system of 
Rg. 5 comprises a solution bag 2 containing a 
solution 3, a solution actuator 4 for effecting pump- 
ing action, and a solution tube 6 for introducing the 
5 solution 3 into a human body 8. The solution infu- 
sion system also comprises a control unit 10 pro- 
vided with a microcomputer. The microcomputer 
comprises a CPU for executing a main control 
operation, a ROM in which is stored an infusion 

10 operation control program, and a RAM for tem- 
porarily storing data. The control unit 10 controls 
the solution actuator 4 via an I/O interface 12 in 
accordance with the infusion operation control pro- 
gram, thereby feeding an appropriate amount of 

75 solution to the human body 8. 

Rg. 6 depicts a solution housing 16 accom- 
modating the solution bag 2. The tube 6 having 
one end connected to the solution bag 2 is led 
from the inside of the solution housing 16 to a tube 

20 receiving surface 18. The tube 6 is received in a 
tube path 20 formed on the tube receiving surface 
18. The tube path 20 is a groove having an appro- 
priate depth and an appropriate width to receive 
the tube 6. The solution actuator 4 is mounted on 

25 the tube receiving surface 18 and is in abutment 
with an intermediate portion of the tube 6. The 
solution actuator 4 presses or squeezes the solu- 
tion 3 inside the tube 6 so that the solution 3 may 
flow towards the human body 8. 

30 The solution housing 16 is provided with a door 
22 hingedly connected thereto. The door 22 can 
move between its open position and its closed 
position where the door 22 closes the tube receiv- 
ing surface 18 of the solution housing 16. The door 

35 22 has a flat inner surface 24 on which are moun- 
ted a plurality of sensors 26 such as, for example, 
pressure sensors for detecting the solution con- 
ditions. When the door 22 is closed with respect to 
the tube receiving surface 18 with the tube 6 being 

40 placed in position in the tube path 20, the tube 
receiving surface 18 and the inner surface 24 of 
the door 22 are in abutment with each other. 

As shown in Rgs. 5 through 7, the solution 
infusion system according to the present invention 

45 further comprises a pair of pressure sensors 30 
disposed on the tube receiving surface 18 on re- 
spective sides of the solution actuator 4. Alter- 
natively, the pressure sensors 30 may be disposed 
on the inner surface 24 of the door 22 so that these 

50 sensors 30 may be placed on respective sides of 
the solution actuator 4 when the door 22 is closed 
The pressure sensors 30 may be extended beyond 
the solution actuator 4 along the tube path 20. The 
pressure sensors 30 detect whether the tube 6 is 

55 placed in position in the tube path 20 and are 
made of, for example, conductive rubber. If a pres- 
sure is applied to one or both of the pressure 
sensors 30 and causes deformation thereof, the 
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resistance value thereof reduces and the pressure 
sensors 30 output detection signals corresponding 
to the reduction in resistance value. More specifi- 
cally, when the tube 6 is placed in position in the 
tube path 20, as shown in Fig. 7, the tube receiving 
surface 18 and the inner surface 24 of the door 22 
are in abutment with each other at a relatively low 
pressure. In this case, the pressure sensors 30 
indicate respective high resistance values. In con- 
trast, if the tube 6 is not appropriately received in 
the tube path 20, for example, if the tube 6 is 
placed on one of the pressure sensors 30, as 
shown in Fig. 8, the inner surface 24 of the door 22 
applies a relatively large pressure to the tube re- 
ceiving surface 18. As a result, associated one of 
the pressure sensors 30 indicates a low resistance 
value. : 

Fig. 9 is a graph indicative of the resistance 
value of each pressure sensor 30, which changes 
with the magnitude of the pressure applied thereto. 

The control unit 10 also comprises a warning 
controller. When the tube 6 deviates off the tube 
path 20, the warning controller gives a warning in 
response to a detection signal or signals outputted 
from the pressure sensors 30 via an I/O interface 
32. This warning is transmitted to, for example, a 
nurse center via an I/O interface 14 and any suit- 
able communication means 16. 

The control operation, which is mainly carried 
out by the control unit 10, is discussed hereinafter 
with reference to Figs. 7 through 10. 

After the door 22 has been closed, the control 
operation starts. Step n1 establishes a sampling 
condition to check the solution conditions. Step n2 
determines whether the resistance value of each 
pressure sensor 30 is less than a predetermined 
value, for example 1 kQ. If the former exceeds the 
latter, it is judged that the tube 6 is placed in 
position in the tube path 20. In contrast, if the 
resistance value of at least one of the pressure 
sensors 30 is less than the predetermined value, it 
is judged that the tube 6 is improperly mounted on 
the tube receiving surface 18. When the resistance 
value of one of the pressure sensors 30 exceeds 
the predetermined value, step n3 determines that 
the tube 6 is properly received in the tube path 20. 
At step n4, the system allows the feed of the 
solution 3. In contrast, when the resistance value of 
each pressure sensor 30 is less than the predeter- 
mined value, step n5 determines that the tube 6 is 
improperly mounted on the tube receiving surface 
18 and gives a warning. At step n6, the system 
prohibits the feed of the solution 3. 

As is clear from the above, improper mounting 
of the solution tube 6 is detected by the pressure 
sensors 30, and a warning is given in response to a 
detection signal outputted from at least one of the 
pressure sensors 30 to urge a doctor or a nurse to 



remove a cause thereof. As a result, a patient can 
undergo appropriate solution treatment before it is 
too late. 

Although the present invention has been fully 
5 described by way of examples with reference to 
the accompanying drawings, it is to be noted here 
that various changes and modifications will be ap- 
parent to those skilled in the art. Therefore, unless 
such changes and modifications otherwise depart 
10 from the spirit and scope of the present invention, 
they should be construed as being included there- 
in. 

Claims 

1. A solution infusion system for infusing a solu- 
tion (3) into a human body (8), said solution 
infusion system comprising: 

a solution housing (16) having solution 
20 tube mounting means (18, 24); 

a solution tube (6) to be placed in a tube 
path (20) formed on said solution tube mount- 
ing means (18, 24); 

pressure-sensitive means (30) for detect- 
25 ing whether said solution tube (6) is properly 

placed in said tube path (20), said pressure- 
sensitive means (30) outputting a detection 
signal in association with placement of said 
solution tube (6); and 
30 control means (10) for controlling an 

amount of a solution (3) to be fed through said 
solution tube (6), said control means (10) giv- 
ing a warning in response to said detection 
signal outputted from said pressure-sensitive 
35 means (30) when said solution tube (6) de- 

viates off said tube path (20). 

2. The system according to claim 1 , wherein said 
pressure-sensitive means (30) comprises a 

40 pair of pressure sensors (30) disposed on re- 

spective sides of said solution tube (6). 

3. The system according to claim 2, wherein said 
solution tube mounting means (18, 24) com- 

45 prises a first surface (18) and a second surface 

(24) formed on said solution housing (16), said 
first surface (18) and said second surface (24) 
being in abutment with each other when the 
system is in operation, wherein said tube path 

50 (20) is formed on said first surface (18), and 

wherein said pressure sensors (30) are dis- 
posed on respective sides of said tube path 
(20) and detect a pressure applied thereto by 
said first and second surfaces (18, 24). 

55 

4. The system according to claim 3, wherein, 
when the pressure detected by at least one of 
said pressure sensors (30) is less than a pre- 
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determined value, said control means (10) de- 
termines that said solution tube (6) deviates off 
said tube path (20). 
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Fig. 5 
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Fig. 6 
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Fig. 8 
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